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Heavy water conc:ntrations remarkably above tie onea in .
natural water, nmay be obizinsd by means ol proper arraugements.
from industrial water elecirolysis plants, so that the obtention
of 100, heavy water ias aade Po_uidble and comparatively .

In this paper we describe guantitatively T ErR
tration. u ely such prgém

1. Hea water concentration an _electn tic ce

If hydrogen and oxygen produced in un electro.x,;,m -1
for natural water are made to cqubine witlh each other, & 8y N
thetic water is obtuined the D O concentration of which.is .. ..
below the one of the wuter left in the cell. ring. eleciro~
iysis, H,0 woleculae electrolize at higher rzte than thae.DoQ .
moleoculae, s0 that by going on with the eleetrolxsia,,thamxater
left in the cell progressively becomes richer in D20; the eleo~
trolytic cell behaves in fact in a selective wanner., #%‘Qu;,

A the (constant) water contents in the cell by wedght .(th
very e8light weight increase duc to the in;ream&*,wanp’ ,

tage of D0 is neglected); — ’Wﬂ .

o i FHBRERR

P, the (constant) natural water flow (by weight) feedins the

cell; e
CLidEmEE

° the (constant) concentratjion by weight of D0 inthe na-
tural :nter feeding the cell, equal to the initial cougen-
tration of 220 in the watsr of the cell; 4

| ey g 2 o

X the average (1) instantanscus concentration "uy weight
(variable as function of time) of D,0 in the water of .
the ocell; L g-;@g ; :

1 tﬁe (constant) 1imit concentration by weight o; D,i_o ;nt};e
water of the call, such limit being reached when ldaa. .. .
eQuals infinitae; B

T = 3.1/::, the "concentration ratio" ;

{1) Such average is intendad relatiﬁe to the verious IW~ ,

in the cell, the concentration RJeing variabl '
ferent points, e ® i m iy
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1ized and that is composed by: 1) the losses on sggount

R T IS

of overflow or the like, 2) evaporation in the roem spa-

ge , and 3) the steam and lijuld water carried by th thO"W 
eleatirolysis produced gases; -

s the "seleotion ratio® (> 1) vetween the limlt o§§jﬁ%t§a;
tion x, and the comourrent D0 concentration I3 the syn-
thetic water which would be obtained by co.biiing |
electrolysis produced gases ( for low ooncentratigm*ﬁ:w
is pragtically independent from con.centrat;onfi _

If the quantities aboyve delined =re expr§4nf
homogenous system of units, the¢ heavy water balance 5&££;
me 4t furnishes the diflerential equ:tion

4 fi%
A & = Xq P, dt - x a2 at - *;- ( 1-a )t 2., .

“e

which, by integrating st the irditial ocondition
x=x, for t =o,

&ives the exponential equation T

x=x, [r-(r-1) e

in vhich r ( concentration ratio ) is r:presented ]
.
ra -

1t+a (s ~-1)

On ¢th- other hand, remembering that

X, =1lin x = r x,
t—> oo

wé may write too -

P x,

5.

Ax
x=x, - (x -x,)e 1

The gpcsd@ ol couccntration lacrease is gi¥en by
L]

B (r-1) e &
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and has its maximum value for t = Q, being

° PO
[“‘%f“] = X = (r-1),

teo

ZobDs
= -1
Lo 1 égd Af (r }

h 'i?ﬁﬁ&tﬁ&&ﬁs

Fi.1

Fig. 1 represents th warksd ou' solutloa.ilfer. CoRgen-
tration has reached valuve X,, wo may say, fros th: polnt of view
of heavy water sclection, that the cell has reached itg, “c:.imen®

sce,

The D20 concentration i: the wuiteis-Ilow 3%.!£;51§MQBQMW

one in water coutalned ln the ceil (i); its value is jndeed .
Xy = rx,, If & second cell is fed with Ilow Iy, said cell baiie
of the same type as the firet dut ol 2a oulub roluced Rg.the. .
ratio p of the flow, the secoud cell, = te: tL. reolaw8s Bas
been reached, will on its turu yield 2 Ilow ;=P Py= _p~

in which the D ,0 concentration will be x, = r x,

(1) In the r-onge of lov concentrations tho lullus ogpggg‘

thet the wopour tension of 3,0 is lover thun tL81.Qk g

b 18

need not to bhe tuken iato account.
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(1) of t‘!.‘hua proeceellny, we .oy connect in a seriﬂs a..gells
of the same type, bul of a flow decr.asing by rat .
from the last cell the Slew T m”n“ 4

P -pnP

a 2

ehall be obtuined, having

n
x, =1 x,

a8 & concentration, and the =n cells will mrms.& M”
a tetal oconcentration ratlo equal to r® . ( ig.d). @
B LT

z’ 3

Calling 71_ ti: ratio betwoen th. obt.ined naav" tsat;;'

o e

and the one fel o the aysten ( elilcismey of ths
resultist “ %&%ﬁ%&
Pnp 1‘ X,

U = (pr)?

P, x, '

As neceasmrlily " < i, therefore is prc i, thqh.aver type

the cells in question may be, § :

Finally, 1f 74, is the electric power absorbe& m,gpe
first cell, the to*al power i absorbed by tue system
oslls 1s T, ¢ S

-1, .
).

'-w1 (1 ‘+p'f p‘l’go-l. + P

| AR L

The number 2 of necesgary cells to reaa}; G .sm.nmr
uentrat:l.on may be oviained iy patablzafu:l,, the relatdys.yalue .
of th - total concecairation rallo r'. I7 we calil «hia M

it is
leg Xk .
n = ’ ‘
log r
and the number nearest to the resulting value of n,, Jb. D8
cholen. mﬁém BE

In I'ig.2, 1f we tuke into conaideration a %m,
place 1 , coefficients Q@ «ni t reproscat reapag '

q the fractior of Ilow : whj.ch is electr olized;

-1

(1) Each "oell® thus defined ngy in pructice be c%m 2y
& number decreasing by ratio p o1 similar iadiv;
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: | th! trlntian.ar flow P -1 %hich is lost on ldéoun of

1) everflow or the like, 2) evaporation in the room space,
and }) whiok oannot be recovered from the stoam and ;Ec '

quaid water oarried by the eloetrolvs‘a-produc%ﬁfjéfﬁfii

g b

the relationa

pP+qg+ta t.

3.

first, aeuonﬁ, teiesey as+n
sacunts of water will be >btAingd given requctiveLx%wi;

q Py q P, ® QD Py ccecceeey @ rn-

the pregre sively increasing D 0 concunirations 0.
be furnished by the

2
x X, x rXx, X,
—-J - ’L. ' et s s ctes g TN m
8 8 B a8 8
respectively.

It 419 to be noticed *r ro
said flows Vetween one cell =nd the next is atill r,

Having sxperimentally ascoertained th t r -, water \
oebtainc! by burnin; the hylrogenm comin; from the firsf“&“ff%‘f“
would have a D_.0 concentraticn {ower thau the one o- 7
water, =0 that this sy:thoilc weter wo 23 not be I
any of the cells,

It might be alvantageous, on th- contrary, +°;,h_
hydrogen proluced by thc last ceils, for which '

rt s (L &2, n-1, ........ )s

and ad? the synthetic water thus obtuined Yo the feea%%ﬁéj
those emon; the precedent ceils, wiich are fed with wate
a D20 cancentration egual to, or not auch di’fereni Py

Fig.3 shows, as a function of ihe posiuion
the oells, the v:lues of the comcontrations

’ ( ign’ n-’1' ....'..:f}“"“

b L
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4 s nz n1

Fyd

Let us imagine thet the duranin, of Lydrogea gqmm
the last two gells n, n-1 hes bren dcoided upon, “romggé
and B, ,hich give the concentrations x,/s anl x,_;/s cerresponi-
ing to the symthetic waters cbtuined fro. the two eclle,.
draw horizontal lines AD,5C until the curve of concentra
x4 1s met 4n D and C. As on s3id curve point D nsarm_
which reprasents the gonoecntrations sg.., anl point C
By which repressnfe the concentration x .3, it will bo

vantage to sup,ly the aiditionsl f:eling

- to the (n-1)-th cell with witer obtained Iron Nlr%!&@% t %e‘
n~th c6llj
- %o the (n—l’)-"ch cell with wuter osbtaine? Iro. 4yl
(8-1)th cell,
a® shown 1in TFi..4. | ‘;gﬁ o
The feeding of (n-1)th nnd (n-2)th cells 15 Qﬂﬂ&ﬁiﬂ;hk

oreasel, and by consequence the fe=1in: > ths nth Gel§

While befora this added foollag to cells (n-1]% .
(n=2)th the ’lows deriving froz th: combduzilon o axlraaggﬁggg—
duoced by cells ath and (n-1)th cre ruspsatvively

-1 -
WP r‘t P I‘gl

after the adled feeling has been provideld, s.id ;lowsfﬁ;g
values &, ., whiich are odbiained by solvin; th. equations
(Pis.4) 1
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E y=ap (" r, 4 8)
(2 =qp (p(>">P+ 2),
that is to say

y-

o~ g e
n
]
-
L ]
—
et
-]
»

z=gp[p(p" Por2)]

y=4p(p""Pe2)

by |, PR n-1 A .
ALY Py plo" oy L—ppl e W]

figd

The output of the las®t cell will be

- )

-2 '
pe RS

so that thc final output increase obtalued by uur“in,, hyire-

gen of the last two cella is given by R

- __IL___.Jl__ E,
Pn ‘ pl?‘ * T2 PQ

while ratio P,/p‘?, comes from the

PP, (1+ <

*f" T T
R B 5 w6 o

LR
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?
P P, 1-2 pa

By the same ratio the amount of proiuced D 0 b
increased, insofar ns the a‘1itionnl foedin iO?I(Qb§‘g’ er
oconcentrations in the lzaat. ES L

Az a gonseguence of thig fce: iing;, the three ,
will absorb more power, ac~> 1l to the szme ratia 1am¥ﬁ#m!€3'

flon. R N ST Y T 5
If we o0all f n W thec¢ new absorbed power, it wilI”bet
‘”3f°
P ¥y po
¥ - 3 ¥ n-2 (1+ 12 pdw ) WDP
-2 T =
r,
L .
Voot =01+ 33 1) To-1 .
— 2 m w
wﬂ -( 1+ 1=Z Ps n .
(34

The pystem of n cellas will absord, ~s = cnn
the additional feeling, more power, anﬁ preciscly ”

(W‘_z— LRI (xzn_ - ¥ )+ (T, - ig) =

=

H
Bl
i

= (p..z + 2 pn‘1 + 2 pn) ?:EQ-;E— $1 .

As an effect of aiditiinsl fee’in:
of the system ‘bakns the value

2 Cp(ﬁ P,+y) + z) rnx°

P, x,

21 R
2
- )% e

"YL (1" ﬁ )’ ' 7 e
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and the efficiencgy incrsase is
st
T wi U
WL 1=2 pq

4, gwlueion'

\ gt
Romerous meesuremente taken over a hnmbe;yg{igcuﬁ?
in weter eleotrolysis plants hsve fully confirmed the &

A

gonsiderations., Sald meagurenentis have also permittod to ewte-

blish the numerioc values of the constants met withjlnifﬁSﬁW”””

paper,

¥ M ARZY.

In an electric cell a selection beiween -0 &

fo
takes place. The behaviour of & single cell und the beh

e

TEEERE

i

of s series of cells are suoccossively exanined. The recevery O

deuterium containcd in the hydrogen produceld by the las
of the seriés is considered too.

treeIIE

R e

Bamerous mcasurcuaents have confirmed the above

descripted coasidersations,
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